Abstract: Lung cancer is the leading cause of cancer-related death in many countries. Approximately half of the patients with non-small cell lung cancer have advanced disease and systemic chemotherapy, especially platinum-based doublets, is currently the standard treatment. Several trials have recently indicated the importance of histological subtype for treatment with molecular target chemotherapy and pemetrexed. Over the last decade, gemcitabine, a pyrimidine nucleoside antimetabolite, has been one of the most effective agents for patients with advanced non-small cell lung cancer. It is unknown whether histological type is a predictor of the outcome of treatment with this agent. This is a review of the past trials and reviews of first-line treatment for advanced NSCLC, focusing on efficacy and safety of treatment with gemcitabine according to histological subtype.
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Overview
Lung cancer is the leading cause of cancer-related death in many countries. The disease can be classified into two types, non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC), with NSCLC accounting for 80%-85% of all cases. Approximately half of the patients with NSCLC have advanced disease. The standard therapy for patients with good performance status (PS) is systemic chemotherapy. Based on the results of a meta-analysis, cisplatin (CDDP)-based doublets are considered the best available therapy for patients with metastatic NSCLC, because of the moderate improvement in survival. 1 Several new agents with significant activity against NSCLC, such as paclitaxel, docetaxel, vinorelbine, and gemcitabine, have been introduced and any of these agents used in combination with a platinum agent was shown to improve the outcome compared to older agents 2 and each regimen provided a similar survival outcome. 3, 4 Unfortunately, the tumor recurs in almost all patients. Relapsed patients who still have a good PS receive second-line chemotherapy, which is considered a standard of care. Docetaxel, pemetrexed, and epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs), including erlotinib and gefitinib, are used in this setting.
Gemcitabine (2',2'-difluoro 2'-deoxycytidine, dFdC) is an analogue of Ara-C from which it structurally differs due to fluorine substituents on position 2' of the furanose ring. 5 Despite structural and pharmacological similarities to Ara-C, gemcitabine displays distinctive characteristics of cellular pharmacology. 6 In in vitro and phase I studies, gemcitabine has shown activity against many kinds of tumors, especially NSCLC. [7] [8] [9] [10] The evidence of its potent antitumor activity in a wide spectrum of tumor models has been successfully confirmed in clinical practice. Today gemcitabine is indicated for patients with pancreatic cancer, bladder cancer, breast cancer, malignant mesothelioma, and ovarian cancer besides those with NSCLC. Several early phase II studies of single-agent gemcitabine were performed in chemonaïve patients with advanced NSCLC utilizing the weekly schedule (days 1, 8 and 15) with a 30-minute infusion, repeated every four weeks at a dose of 800-1,250 mg/m 2 . Objective response rate of 20%-25% and a median survival of 9 months were observed. Moreover, phase II trials with gemcitabine plus CDDP demonstrated that response rates of 40% to above 50% were favorable. 11, 12 These findings lead to phase III trials, in which superiority of gemcitabine plus CDDP for chemonaïve patients with advanced NSCLC in terms of both overall survival (OS) and quality of life benefit when compared with platinum alone or in combination with etoposide. 13, 14 Therefore, gemcitabine/CDDP is widely used in clinical practice all over the world, and in several countries has become a most popular combination regimen for the treatment of advanced NSCLC.
More recently, some molecular targeted agents have been developed for the treatment of NSCLC. A large, randomized phase III study showed clear efficacy by adding bevacizumab, which inhibits vascular endothelial growth factor (VEGF), to the combination platinum based chemotherapy. 15, 16 In addition, EGFR-TKIs were very effective in a special molecularly defined population of patients harboring EGFR somatic mutations. 17, 18 In this way, much interest is concentrated on the development of molecular target agents and of personalized treatment on the basis of their molecular characteristics.
On the other hand, tumor histology has not been recognized as a consistent prognostic factor in patients with NSCLC so far. 19 Recently, a preplanned subset analysis by histology in a large phase III trial demonstrated longer survival for pemetrexed/CDDPtreated than for gemcitabine/CDDP-treated patients with non-squamous NSCLC histology, while patients with squamous cell carcinoma treated with pemetrexed/CDDP had a shorter survival than those treated with gemcitabine/CDDP. 20 This finding indicated that histology could serve as a predictor of the outcome of NSCLC patients treated with pemetrexed. However, it is unknown whether histology serves as a predictor for patients treated with other cytotoxic chemotherapies.
Here we will briefly review the role of gemcitabine as a treatment option for NSCLC, especially focusing on histological subtypes. Association of efficacy or safety with histological subtype will be discussed in the whole population and elderly patients.
Gemcitabine Combined with a Platinum Agent as First-Line Treatment
In the ECOG 1594 trial, the combination of gemcitabine plus CDDP was compared to other standard doublets. This phase III trial demonstrated equivalent response rates among the three experimental arms, including docetaxel/CDDP, paclitaxel/CBDCA and gemcitabine/CDDP, compared with the control arm of paclitaxel/CDDP. In the groups of patients assigned to a regimen of gemcitabine/CDDP, gemcitabine at a dose of 1000 mg/m 2 , was administered on days 1, 8, and 15 and CDDP, at a dose of 100 mg/m 2 , was administered on day 1 of a four-week cycle. The median time to progression in the gemcitabine/ CDDP group was 4.2 months and significantly better compared with that of the control arm, which was 3.4 months. Although there were no significant differences in the response rate or OS among the three experimental-treatment groups, there was a trend for an improvement of the 1 and 2-year survival in the gemcitabine/CDDP arm. Moreover, a metaanalysis was performed to evaluate the treatment effect of gemcitabine plus a platinum agent, either CDDP or CBDCA, on advanced NSCLC. 21 Thirteen trials that met the inclusion criteria were selected if there was a comparison between gemcitabine plus platinum with any non-gemcitabine platinum-containing regimen. The protocol for the meta-analysis was finalized in August 2002 and individual patient data were obtained from the principal investigators for seven of the 13 trials. Overall, the median OS was 9.0 months for the gemcitabine-based treatment arms and 8.2 months for the comparator group and the estimated pooled HR for OS was 0.90 (95% CI: 0.84-0.96, P , 0.001) in favor of gemcitabine based regimens. Comparing the firstand second generation platinum-based comparator regimens, the HR was 0.84 showing a significant gain with gemcitabine-based regimens, while the differences were not significant when compared to the third-generation agent comparators. There was an also significant decrease in the risk of disease progression in favor of gemcitabine-platinum regimens, HR 0.88 (95% CI: 0.82-0.93, P , 0.001). Sub-group analysis indicated a significant PFS benefit for patients assigned to gemcitabine-platinum treatment even compared to third-generation agent plus platinum regimens. Thereafter, several trials which aimed to quantify the treatment effect of gemcitabine plus a platinum agent were performed, however, none of the trials showed a significant improvement of OS.
Efficacy of Gemcitabine-Platinum Chemotherapy by Histological Subtype
In ECOG 1594, a subgroup analysis to compare the efficacy in different histological subtypes was also conducted. 22 Of 1139 eligible patients, adenocarcinoma was the most common histological type (n = 647; 56.8%), followed by squamous cell carcinoma (n = 224; 19.7%) and large cell carcinoma (n = 74; 6.5%). Not otherwise specified (NOS) cases were also included in this trial (n = 194; 17.0%). No difference in OS and PFS was observed among the four histological subtypes, regardless of treatment arm. There were no survival differences either among the four regimens of chemotherapy in each histological subtype ( Table 1 ). In the squamous cell carcinoma and large cell carcinoma subgroups, patients treated with gemcitabine/CDDP appeared to have a longer OS compared to other regimens, while patients with adenocarcinoma in the paclitaxel/CDDP arm showed a better survival, although the difference was not statistically significant.
Other retrospective analyses of three-arm randomized trials comparing paclitaxel/CBDCA, gemcitabine/CDDP, and vinorelbine/CDDP explored the potential predictive and prognostic role of histology. 23 Pairwise comparisons of histological subtypes demonstrated a survival advantage for squamous cell carcinoma over adenocarcinoma (P = 0.0021), however, histology was not predictive of treatment effect for either OS or time to progression.
Other investigators assessed the literature on NSCLC of the last 25 years with a special emphasis on an association between histological subtype, and the efficacy of a specific chemotherapeutic agent.
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Of 408 publications identified, 11 reported a prognostic association between histology and clinical outcome, showing a relationship between more differentiated histology and better clinical outcome, and a prolonged survival of patients with adenocarcinoma or carcinomas other than squamous-cell carcinoma. Moreover, 7 studies suggested that histological subtype was a predictor of outcome in patients treated with specific cytotoxic chemotherapy regimens. However, the limitation of this analysis is that those data are derived from either an unplanned subset or retrospective analyses not aimed to examine the role of histology. Therefore, no clear conclusions could be drawn.
More recently, several trials have prompted a renewed interest in the impact of NSCLC histological subtype on efficacy outcomes. Especially, pemetrexed and bevacizumab containing regimens might have a greater impact on adenocarcinoma. Four trials identified a relation between pemetrexed treatment and histology, showing a better outcome in patients with non-squamous cell carcinoma. 20, [24] [25] [26] Of these trials, a pivotal phase III trial comparing gemcitabine/CDDP with pemetrexed/CDDP in 1725 chemotherapy-naïve patients with advanced NSCLC was the first to prospectively assess survival differences according to histology ( Table 2) . On the other hand, two phase III trials which evaluated the effects of the angiogenesis inhibitor, bevacizumab, were conducted in patients with advanced Table 2 . Median overall survival (OS) and progression-free survival (PFS) for the patients with nonsquamous histology (adenocarcinoma plus large-cell) and patients with squamous-cell histology. HR, hazard ratio. NSCLC and showed a difference on the safety profile of treatment including bevacizumab by the difference of histological subtype. Bevacizumab, a humanized monoclonal anti VEGF, has shown clinical activity against several types of human cancer. The use of bevacizumab in patients with squamous histology is excluded because of the increased risk of bleeding, which is potentially fatal for patients with squamous lung cancer, as demonstrated in a phase II study. 27 Therefore, ECOG conducted a randomized study in which 878 patients with recurrent or advanced non-squamous NSCLC were allocated to the paclitaxel/CBDCA alone group or to the bevacizumab group. Patients with brain metastases, clinically significant hemoptysis, uncontrolled hypertension, a history of thrombotic or hemorrhagic disorders, therapeutic anticoagulation, inadequate organ function or poor PS, were also excluded. The median OS of 12.3 months in the reference arm was significantly longer than the 10.3 months in the control arm.
Non squamous-cell carcinoma Squamous-cell carcinoma PFS (months) OS (months) PFS (months) OS (months)
(HR: 0.79; 95% CI: 0.67-0.92; P = 0.003). There was also a significant PFS difference favoring patients in the bevacizumab arm compared with the control arm (6.2 months versus 4.5 months, HR: 0.66; 95% CI: 0.57-0.77; P , 0.001).
The gemcitabine, randomized, placebo-controlled, phase III study (Avastin in Lung Cancer: AVAiL trial) evaluated the addition of bevacizumab to gemcitabine/CDDP for advanced NSCLC. 15 The primary end point was PFS and the eligibility criteria were almost similar to those of the ECOG4599 trial. Between February 2005 and August 2006, 1043 patients were randomized to receive gemcitabine/CDDP alone every 3 weeks for six cycles with placebo or with bevacizumab either 7.5 or 15 mg/kg every 3 weeks until disease progression. Although OS was not significantly increased with bevacizumab, the difference in PFS was statistically significant. The median PFS were 6.1, 6.7 and 6.5 months for chemotherapy alone, plus bevacizumab 7.5 mg/kg and 15 mg/kg, respectively (HR: 0.75; 95% CI: 0.62-0.91; P = 0.003, HR: 0.82; 95% CI: 0.68-0.98; P = 0.03), while the median OS were 13.7, 14.1, and 14.5 months, respectively (HR: 0.94; 95% CI: 0.78-1.14; P = 0.553, HR: 0.97; 95% CI: 0.80-1.18; P = 0.75, respectively). The response rate to gemcitabine/CDDP with bevacizumab was significantly higher than chemotherapy alone ( Table 3) .
As of 2011, in advanced NSCLC, bevacizumab has been approved only in combination with carboplatin and paclitaxel by the U.S. Food and Drug Administration (FDA), whereas the European Medicines Agency has approved it for administration in combination with any platinum-based chemotherapy. A bevacizumab treatment observational cohort study (Avastin Registry: Investigation of Treatment Effects and Safety: ARIES) which was conducted in the U.S demonstrated that the most used regimen with bevacizumab was paclitaxel/CBDCA in 61.7% patients and only about 10% patients received gemcitabine based chemotherapy combined with bevacizumab.
Squamous cell carcinoma whose development is strongly associated with smoking habit is the second most common histological type of NSCLC in the current era. As previously explained, pemetrexed has shown lower efficacy against squamous cell carcinoma and the increased bleeding risk prevents treatment with bevacizumab. In metastatic NSCLC, standard chemotherapy regimens, including gemcitabine/CDDP, still remain the standard treatment for patients with squamous-cell carcinoma.
More recently, the TORCH trial was conducted in patients with unselected NSCLC. This was a phase III trial to investigate the efficacy of erlotinib as first-line therapy administered until progression followed by gemcitabine/CDDP, which compared gemicitabine/CDDP for 6 cycles followed at progression by erlotinib. 28 The first planned interim analysis was performed with blinded data after 340 deaths and a median follow-up of 8.3 months. An independent Data Monitoring Committee recommended Table 3 . Results of AvAiL trial.
OS (months) PFS (months) Response rate (%)
Gemcitabine/CDDP/ bevacizumab (7.5 mg/kg) HR (95% CI) early termination, because the boundary of study interruption for inferiority was crossed. The OS (8.5 versus 12.0 months, HR: 1.40; 95% CI: 1.13-1.73) and PFS (2.2 versus 5.7 months) in the arm with erlotinib as first-line therapy were inferior compared with those in the standard arm. Analysis of subgroups also showed that the HR of deaths for non-adenocarcinoma (squamous, large-cell carcinoma or NOS) in 44.5% patients was 1.09 (95% CI: 0.82-1.45). In a previous phase III trial, erlotinib prolonged survival after firstline treatment and survival benefit was also observed in squamous-cell carcinoma. 29 However, the result of the TORCH trial indicated that EGFR-TKIs was not recommended for first-line chemotherapy for unselected histology of NSCLC, including squamous-cell carcinoma.
Monotherapy of Gemcitabine for Elderly or Unfit Patients
More than half of patients with NSCLC were 65 years old or older and approximately 30% to 40% of the cases were older than 70 years. 30 Increasing age is closely associated with deterioration of organ function and drug pharmacokinetics. Furthermore, advanced NSCLC patients older than 70 years often present co-morbidities, which affect functional status, general health and tumor symptoms, and have a poor PS. Therefore, singleagent chemotherapy used to be the first approach to be tested. The Elderly Lung Cancer Vinorelbine Italian study (ELVIS study), which was the first phase III randomized trial done in elderly patients with advanced NSCLC, demonstrated that mono-chemotherapy with vinorelbine improved survival and quality of life compared to best supportive care (median OS; 6.5 months versus 4.8 months, P = 0.03).
31 Several phase II trials specifically have been designed for elderly patients to confirm the role of gemcitabine, because of its low toxicity profile. In patients over 70 years old, gemcitabine yielded overall response rates of 18%-38% and median OS of 6.8-9 months with acceptable toxicity. 32 The activity of gemcitabine in combination with other agents has also been investigated. Above all, the combination of gemcitabine and vinorelbine has been one of the most extensively studied non-platinum based combinations. However, a large randomized phase III trial which accrued about 700 elderly patients showed that the gemcitabine/vinorelbine combination was not more effective than single-agent chemotherapy with vinorelbine or gemcitabine. 33 No statistically significant difference was observed among treatment arms from the viewpoints of response rate, PFS, OS and quality of life. Median OS was 36, 28 and 30 weeks for vinorelbine, gemcitabine and their combination, respectively (HR: 1.17; 95% CI: 0.95-1.44 comparing with vinorelbine, HR: 1.06; 95% CI: 0.86-1.29 versus treatment with gemcitabine).
More recently, weekly paclitaxel/CBDCA was compared with single agent chemotherapy in the context of a randomized phase III trial that involved elderly NSCLC patients. 34 Patients aged 70 to 89 years old, PS 0-2 and previously untreated Stage III or IV were randomized to receive either paclitaxel/CBDCA (paclitaxel: 90 mg/m The planned sample size was 522 patients, however, the trial was prematurely closed after randomization of 451 patients when the second planned analysis showed that the reference arm was beneficial. A median OS of 10.3 for paclitaxel/CBDCA was significantly longer than that of 6.2 months for single-agent chemotherapy (HR: 0.64, 95% CI: 0.52-0.79, P , 0.0001). Median PFS was 6.1 and 3.0 months for patients in the doublet arm and single chemotherapy arm, respectively (HR: 0.55, 95% CI: 0.44-0.70, P , 0.0001). Early death was defined as death occurring less than three months from the start of treatment and occurred significantly less frequent with the combination therapy as compared to the single-agent chemotherapy group (17% versus 26%, P = 0.025), however, more treatment related deaths occurred in combination with the chemotherapy arm than with the control arm (6.6% versus 1.8%, P = 0.035).
Platinum-based chemotherapy is currently recommended as the standard approach for patients with advanced NSCLC if they can tolerate it. This was the first prospective phase III trial to investigate the reproducibility of this benefit even in elderly patients. The advantage of platinum-based chemotherapy in terms of OS was demonstrated; however, it must be noted that paclitaxel/CBDCA was associated with significantly increased toxicity of chemotherapy. Therefore, single-agent chemotherapy, such as gemcitabine or vinorelbine, should still be considered as a reasonable treatment choice for unfit elderly. As a problem to be solved in the future, many efforts will be necessary to identify the elderly patients who can and those who cannot tolerate platinum-based doublet chemotherapy.
It is unclear whether the outcome will be different according to histological subtype, because so far no examinations have been performed in elderly or unfit patients with advanced NSCLC.
Conclusion
At present, most clinicians may consider pemetrexed/CDDP and bevacizumab containing regimens (with either paclitaxel/CBDCA or gemcitabine/ CDDP) that seem to be excellent for patients with nonsquamous-cell histology of NSCLC. The evaluation of treatment selection for patients with non-squamous histology must consider both the efficacy and safety profiles of these regimens. However, the information on gemcitabine regarding treatment of non squamouscell histology of NSCLC is limited. On the other hand, as for squamous cell carcinoma, gemcitabine-CDDP still remains one of the most effective regimens for first-line therapy. In elderly patients, although survival after platinum-based chemotherapy (paclitaxel/ CBDCA) was demonstrated in a recent phase III trial, mono-agent chemotherapy, such as gemcitabine or vinorelbine, remains the treatment option for unfit elderly. To our knowledge, with respect to ethics and sex of patients, no precise data for differences of efficacy and toxicity has been demonstrated.
This review showed the current status of NSCLC treatment and the impact of histology on the clinical outcome of advanced NSCLC. Although, in late years, treatment response depending on the histological type is gaining attention due to the appearance of pemetrexed and bevacizumab, there have been very few studies on the response to gemcitabine by difference histological types of NSCLC. Is the difference of the histological type really as important as expected? When clinicians choose appropriate treatment according to the histological type, some problems will arise. At first it is not easy to accurately distinguish non-squamous from squamous type by pathological examination. It is more difficult for poorly differentiated carcinoma in particular, and it is often difficult for experienced pathologists to achieve consensus regarding a definite diagnosis. Therefore, a diagnostic tool that can allow a definite distinction of squamous carcinoma from non-squamous carcinoma is required.
Moreover, the only agent that showed a different effect on non-squamous carcinoma and squamous carcinoma was pemetrexed, but, pemetrexed is not invalidity in squamous cases at all. It is imagined that biomarker that provides for the effect of pemetrexed may exist surely.
At present, when the most appropriate chemotherapeutic regimen for an individual is being sought, not only the use of molecular markers but also histological types will play key roles when seeking personalized treatment for patients with advanced NSCLC. In the old days, morphology was regarded as the most important factor, but it seems that a therapy based on molecular biology will become more important in the near future. Therefore, specially designed prospective randomized trials and translational studies are warranted to find useful predictors of the efficacy of every chemotherapeutic agent.
